Economists examine two types of variables when studying aggregate production and economic growth. Some of these variables are directly productive factors (physical capital, labor and human capital), while other variables aren't productive themselves, but affect production indirectly. I introduce an approach for studying indirect inputs by allowing them to affect output in three ways: by changing TFP, by changing the productivity of individual productive factors (Factor-Specific Productivity), and by changing the rates at which productive factors are accumulated. My model finds that indirect inputs have strong effects on the productivity of specific productive factors. My model outperforms a model which includes the same indirect inputs only as determinants of TFP. Increases in indirect inputs are found to lead to future growth in the supply of direct inputs. Additionally, my model has more empirically realistic implications for returns to scale and convergence than traditional neo-classical models.
Introduction
Broadly speaking, recent literature regarding the vast differences in output which exist among countries has sought to 1) argue for the relative importance of either productivity differences or differences in factor accumulations across countries as the underlying cause of output differences and, 2) for those arguing for the importance of productivity differences, put forth an explanation of which variables may underlie the existing productivity differences. One way to categorise inputs to production is to ask the question, "Could this input produce output by itself?" For physical capital, human capital, and labour, the answer to this question is yes. These variables will be collectively referred to as direct inputs to the productive process. Any variable which affects production but could not produce output by itself will be referred to as an indirect input to production.
Most researchers add indirect inputs to regressions, either explicitly modeling them as affecting TFP or implicitly adding them in a manner consistent with independent TFP effects.
However, I outline three ways in which indirect inputs could affect production. Indirect inputs could change total factor productivity, they could change the productivity of individual direct inputs, or they could incentivise or disincentivise accumulation of direct inputs.
In this paper I construct a framework which allows indirect inputs to influence a production function through any of these three channels. Arguably, this extension allows for modeling an indirect input in a manner which is consistent with the microeconomic theories regarding its effects. In an empirical application, I allow indirect inputs to alter the productivity of individual direct inputs rather than just the total factor productivity of the model. The included indirect inputs, each of which has previously been found to be correlated with output differences across countries, reflect infrastructure, worker health, and childhood nutrition. Furthermore, I separately show that higher levels of indirect inputs are correlated with higher future stocks of direct inputs and that indirect input growth incentivises future growth in direct inputs.
The model which I introduce has three advantages over a standard model which includes the same inputs captured through a TFP term. First, my model reflects the channels through which microeconomic studies have found the indirect inputs operating. Including the indirect inputs in a TFP term captures neither the subtlety nor the specificity of indirect effects found at the individual level. Second, a Davidson and MacKinnon non-nested hypothesis test indicates that my FSP model is more appropriate than a model which allows only TFP effects in fitting the data. Evaluating the production function in levels, the FSP model is strictly preferred to the TFP model. In corresponding growth regressions, both FSP and TFP models have independent explanatory power. Third, from a policy perspective, the combination of better model performance and relevant connections to the microeconomic foundations may make an FSP model more useful for estimating aggregate impacts of micro policies focused on economic growth and development.
The rest of this paper is structured as follows. Section 2 provides a general overview of some of the existing literature on models which focus on differences in factor accumulation or differences in productivity in explaining cross-country outcomes. I also provide case studies using the microeconomic literature on how particular indirect inputs should affect production outcomes.
Section 3 proposes a model for analyzing the effects of indirect inputs in production, both in levels and in growth rates. Section 4 applies this model to three indirect inputs and empirically tests the FSP model against a TFP model. The robustness of the test result is checked under a number of specifications. Section 5 discusses the implication on returns to scale and convergence in this new framework. Section 6 concludes.
Reviewing the Existing Literature
2.1 Stocks of direct inputs, productivity differences, and output differences A few key works are responsible for advancing the debate on factor accumulation versus productivity differences. Strongly on the side that output differences are primarily the result of differing levels of direct inputs are works such as Mankiw, Romer, and Weil (1992) , who estimate that 78% of the international variance in output can be explained by factor accumulation differences according to their famous augmented Solow model. Looking at a specific region, Alwyn Young (1994 Young ( , 1995 further supports this theory in his finding that rapid factor accumulation seems to be the primary cause of the East Asian growth miracles. Nonneman and Vanhoudt (1996) find that the inclusion of "technological know-how" as a factor of production allows an augmented Solow model to explain three quarters of the variation in output among OECD countries. Sturgill (2010) also argues that differences in factor accumulation, not productivity parameters, explain output differences across countries. His work is distinguished by the fact that factor shares (or specific factor productivity parameters) are not held to be constant through the development process. Instead, he shows that less developed countries observe higher returns to non-reproducible factors of production (labour and "natural capital"), while technological change in the development process actually shifts productivity away from the non-reproducible factors towards the reproducible factors (physical capital and human capital). I also allow for changes in the productivity of specific factors, and compare my results to those of Sturgill in Section 4. While Sturgill demonstrates how factor productivity differs across developed and developing countries, he does not go on to model how indirect inputs influence this difference.
The other side of the debate follows primarily from Hall and Jones (1999) , who estimate the differences in productivity across countries as the residual from a Solow-type equation. They find that these differences, which are now commonly referred to as Total Factor Productivity (TFP), explain the largest portion of international output differences. Hall and Jones discuss "social infrastructure" factors which they feel are critical to explaining the cross-country differences in productivity. Similarly, Klenow and Rodriguez-Clare (1997) re-examine the approach of Mankiw, Romer, and Weil and, after small adjustments to data, argue that productivity differences, not factor accumulation, account for the majority of national income variations and call for additional focus on the causes of international productivity differences. In this line of research Robert Barro ( 1990 Barro ( , 1991 Barro ( , 1995 Barro ( , 1996 Barro ( , 1999 Barro ( , 2000 Barro ( , 2001 Barro ( , 2003 Barro ( , 2004 Barro & Sala-i-Martin, 1997) has written a series of empirical studies examining indirect inputs which are associated with growth differences across countries. If one takes the perspective that growth models are simply levels models of output viewed dynamically, these variables would be necessarily included in the productivity parameter in a production function approach. The list of variables Barro has examined include, but are not limited to, government consumption, political instability, market system, terms of trade, fertility rates, child mortality rates, inflation and its variability, life expectancy, educational spending, democracy, rule of law, intellectual property rights, research and development expenditures, income inequality, trade openness, and religion. Any or all of these variables could potentially help to explain the productivity differences across countries when appropriately included in a production function.
Two previous works have worked with similar models in order to look at indirect inputs and production or productivity. Dearmon and Grier (2009) estimate a reduced form model which allows for social capital to affect worker productivity, without attempting to generate a structural model which would correspond to their reduced form. Piper (2011) employs one special application of the general framework introduced here to examine the benefits of improved nutrition on aggregate productivity. In so doing, he uses a model which includes nutrition as an indirect input which affects the productivity of labour and of human capital, demonstrating how factorspecific models can be used evaluate microeconomic policies.
2.2 Infrastructure, Health and Nutrition in Development Accounting Estache and Fay (2007) provide an excellent summary on the history of infrastructure's inclusion in growth and development debates as well as the current views on the topic. The literature suggests that the primary effects of improved infrastructure (especially measured by something like electrical capacity) should be on the productivity of firms through the types and effectiveness of available capital, although it can also affect investment adjustment costs, capital durability, and the supply and demand for health and education services, as well as the effectiveness of investments in education (Agenor & Moreno-Dodson, 2006; Brenneman, 2002) .
Infrastructure is a very inclusive term, and it is certain that no single measure can adequately capture the total infrastructure of a country. Some measures which are common in the literature include miles of roads or numbers of vehicle per capita, which measure some aspects of transportation infrastructure, coverage of telegraphs, telephones, or cellular phones, which capture communication infrastructure, and the availability of clean water or electricity, which are more general infrastructure measures. Because it is such a general measure, and because it has good data availability, I employ a measure of a country's electricity generating capacity for the empirical analysis. This data comes from David Canning's data set, updated from Canning (1998) . As suggested by the microeconomic literature, the primary role of infrastructure relates to the effectiveness of physical capital, so the empirical analysis includes infrastructure in the factorspecific term for capital.
The net effects of infrastructure on growth or development have been much examined, although findings on the net returns have varied from negative or zero to positive and significant (Romp & de Haan, 2005; Straub & Vellutini, 2006; Biceno, Estache, & Shafik, 2004; Gramlich, 1994) . There does, however, exist a growing consensus in the literature that, whatever the returns to infrastructure may be, they are likely not linear and may be dependent upon the levels of other inputs to production (Roller & Waverman, 2001; Fernald, 1999; Albala-Bertrand & Mamatzadakis, 2004) .
Several papers have previously examined the relationship between aggregate health and aggregate production (Ashraf, Lester, & Weil, 2008; Bloom & Canning, 2005; Bloom, Canning, & Sevilla, 2004; Weil, 2007) . Findings have ranged from no effect to small but significant positive returns to increased health. Unlike this paper, most of the previous literature has treated health as a direct input into production or as an indirect input affecting overall productivity.
For the purposes of this paper, health will refer to the overall health of current workers, specifically in ways which would affect their ability to engage in their normal tasks. To reflect overall worker health, I employ an estimate of average life expectancy, which is commonly used in macroeconomic analyses to reflect overall health conditions (for example, Bloom and Canning (2005) and Ashraf, Lester, and Weil (2008) ). Some of the commonly reported estimated effects of improved health are decreases in Years Lost to Disability (YLD), increased labour market participation, increases in worker performance while at work, increased savings, increased investments in human capital, and decreased fertility rates.
Because the greatest effects of improved health fall directly on workers, the health measure is included in the factor-specific productivity term on the labour supply, although I will also look at the effects of increased health on the accumulation of all three direct inputs.
Nutrition is one variable which has been somewhat absent from the literature on aggregate production despite a rich microeconomic literature focusing on the individual benefits to improved nutrition. While some authors group nutrition in with other health measures, the microeconomic literature suggests unique and important roles for nutrition distinct from other health measures, specifically in cognitive development in utero and in early childhood. This micro-founded literature has found significant effects of improved nutrition, especially early in life, on cognitive development, labour market outcomes, test scores, and grades completed (Alderman, Hoddinott, & Kinsey, 2006; Behrman, 2007; Behrman & Rosenzweig, 2004; Glewwe & King, 2001; Grantham-McGregor, Fernald, & Sethuraman, 1999; Grantham-McGregor et al. 2007; Johnston, Low, de Baessa, & MacVean, 1987; Maluccio et al. 2009; Strauss & Thomas, 1998; Victora, et al., 2008) . Results seem especially strong for women (Maluccioet al., 2009) . Taken together, the micro results suggest that the primary effects of nutrition are related to education and that increased nutrition affects both the returns to education for individuals and the accumulation of human capital. Nutrition will thus be included in the FSP term for human capital in the empirical analysis. Piper (2011) looks at the aggregate effects of nutrition on country output, and finds that proper nutrition is key to making investments in human capital productive in the future, and that improved nutrition has strong effects on current worker productivity. This paper, like Piper (2011), allows the overall nutrition level to be captured by the average caloric intake of the population of a country.
A model for looking at indirect inputs
In developing a general model of production, I begin with an augmented Solow model of the form:
Here, production in country i at time t is a function of direct inputs (labour (L), capital (K), and human capital (H)), along with some overall productivity scaling factor (A).
It is possible to extend this framework to allow for indirect inputs to affect production through three distinct channels. First, indirect inputs should be able to systematically influence the TFP term across countries. Therefore, instead of having a constant TFP term, A, total productivity will be a function of indirect inputs denoted A(•). This channel would be appropriate for modeling an indirect input which altered the overall productivity in a country. Consider, for example, an input which facilitated general technology transfer across countries.
Second, indirect inputs should be able to have heterogeneous effects on the productivity of each of the direct inputs to production. To achieve this, I replace the standard exponents α, β, and γ, with Factor-Specific Productivity (FSP) functions, α(•), β(•), and γ(•). Just as the standard exponents in Solow-type models have dual interpretations as both relative productivity parameters and factor income shares, the FSP functions have two interpretations: one interpretation reflecting heterogeneous relative factor productivities across countries and time and another interpretation as reflecting differing factor shares of income. This leaves my production function of interest as:
(1)
The third way indirect inputs could potentially influence production is through the accumulation of the direct inputs, K, L and H. To account for this, I allow the growth of the direct inputs as to depend upon the levels and growth rates of indirect inputs in separate regressions.
Within the framework of equation (2), the researcher's discretion is still involved in the selection of which indirect inputs to examine, which of the four productivity functions each input should be included in, and the functional forms of the TFP and FSP functions. I endeavor to be guided in these choices by the existing literature and by microeconomic foundations. 
To proxy for worker health, I include average life expectancy of a country's population as an indirect input modifying the FSP function for labour, β(•). While the life expectancy data in
each year is intended as the projected life expectancy of babies born in that year, because it is calculated based on the existing health of the current population, it should be a good proxy for the health of current workers. β(•) is a linear function of this measure of worker health and a constant1:
As a measure of childhood nutrition I include the average caloric intake within a country, lagged 15 years. I scale the caloric value relative to a recommended intake of 2500 calories daily.
To account for the decreasing returns to average nutrition, the square root is then taken of this For the purposes of my model, TFP will be represented by a constant, e A . TFP will be considered constant both across countries and through time. I will compare this very restrictive specification to others where TFP varies according to the levels of indirect inputs. For robustness,
I will also check my model against alternative models where TFP is additionally allowed to have country or year fixed effects.
Traditionally, production functions are rewritten so that direct inputs and resulting GDP can be expressed in per-capita or per-worker terms. However, by allowing FSP functions to vary across countries and across time, it becomes impossible to cleanly divide through by population or by the labour force. It is important to keep in mind that results should be interpreted in terms of overall production, not output per capita. So, replacing the FSP functions in the production function in (2) we can write:
For estimation purposes, natural logs are taken of both sides of equation (7) yielding: Benhabib and Spiegel (1994) . While this approach differs from most existing work, which instead includes estimates of factor income shares, it allows for an explicit estimation of the elasticities of outputs with respect to inputs (Temple, 1999) . The stock of physical capital is constructed by a perpetual inventory method using a 5% depreciation rate. The reader is referred to the data appendix for full information on the construction and sources for all variables and a list of which countries are included in the sample.
In considering specifications (8) and (9), it seems apparent that the dependent variables and many of the right hand side variables may be simultaneously determined, leading to endogeneity concerns. This potential endogeneity could be coming from two sources. First, unmodeled factors could systematically influence both the dependent and RHS variables. This concern would apply to the model in levels but not to the growth model if the un-modeled factors were time invariant. Endogeneity could also occur if RHS variables were, in part, determined by contemporaneous levels of income. This concern applies equally to both the level and growth models, and needs to be addressed through instrumentation. I consider instrumentation potentially necessary for the stock of physical capital (k), electricity generating capacity (INF), the labour supply (l), life expectancy (HEALTH), and the stock of human capital (h). RDA is already constructed with a 15 year lag and so it seems unreasonable that current income could be influencing it.
For instruments, I utilise variables on population age distributions. These variables reflect the fraction of a country's population in each 5 year bin from ages 0-80. Cook (2002) points out that life cycle theories tie savings and investment to the population age structure. Empirical evidence of this relationship is found in Higgins (1998) . This relationship makes the age distribution appropriate as instruments for both the stock of physical capital and the infrastructure level. Because the fraction of young people in schools has increased over time, the age distribution should also be related to the human stock of capital. Age structure has previously been used as an instrument for human capital stocks in Ciccone and Peri (2006) . Life expectancy estimates take into account the existing population's age structure, and models of labour force participation establish a relationship between age structure and participation as well (Toossi, 2011 ). Wilson (2000 provides additional motivation for the relationship between demographic variables and factor inputs. Considering all of this evidence, the age structure data has an established relationship with all of the potentially endogenous variables. Moreover, changes in age structure are primarily the result of outcomes, shocks, and decisions sufficiently in the past that the data should pass the exclusion restriction for an appropriate instrument as well.
The age distribution instruments are constructed using the United Nations' World Population Prospects: The 2010 Revision. This data set provides the distribution of each country's population into 5 year age categories from ages 0-80 and a single category for those age 80+.
Because this age distribution data is encompassed by 17 different variables, it can be used to instrument for all of the potentially endogenous variables. For technical details on the formation of the IVs, the reader is referred to Appendix 2. Table 1 provides summary statistics on the levels and growth rates of the variables of interest for the full sample period. Table 3 . A Hausman test, conditioned upon having appropriate instruments, strongly rejects the null hypothesis of no endogeneity in the levels regression.
The results of the FSP levels regression indicate that, by itself, the capital stock is significant in determining output, with a coefficient of 0.430. The supply of labour has a coefficient of 0.520, also statistically significant. The stock of human capital, by itself, has a negative and significant effect on output with a coefficient of -0.188. The significance of physical capital and negative coefficient on human capital are common in much of the literature regarding development and are not unexpected. The discussion of the negative coefficient on human capital goes back to Islam (1995) and is further discussed in Pritchett (2001) . Pritchett suggests that this result may be due to perverse institutional environments, the supply of educated labour expanding while demand remained constant, or educational quality having been so low that years of schooling create no human capital, an explanation consistent with this work. The approximate magnitudes of these coefficients on direct inputs are not out of line with other estimates.
The more interesting variables within the model are the three indirect inputs. Better infrastructure is associated with higher productivity of physical capital, but the interaction term is not statistically significant. I will show in the next section that this result is due, in part, to heterogeneous effects of improved infrastructure in developed and developing countries.
As would be predicted, improved worker health is positively associated with labour productivity. This relationship is not only statistically significant, but also economically meaningful. The estimated coefficient implies that a one standard deviation increase in life expectancy (about 11 years) would increase the productivity of labour by about .015. From an alternate perspective, you could interpret this as indicating that a one standard deviation improvement in health increases the labour share of income by 1.5%.
Nutrition, also as predicted, has a positive and significant effect on the FSP of human capital. With caloric intake at or above recommended levels, the effect of nutrition largely offsets the negative estimated coefficient on human capital independent of nutrition. The exact magnitude of the effects of improved nutrition is sensitive to several factors, including how caloric intake is scaled to reflect diminishing returns and the ratio of developed to developing countries in the sample. However, the positive and significant coefficient on nutrition is not sensitive to changes in sample or specification.
The combined results on indirect inputs would support the conclusion that the model is capturing the predicted effects these inputs should have on productivity.
The three indirect inputs which I examine serve as first step for studying the aggregate productivity effects of indirect inputs in general, but many other variables can be included within the framework of my model. However, in addition to estimating the effects of these three indirect inputs, this paper proposes an alternative model which hopefully can add to the explanatory power of existing production functions. An improved model of production allows for a better understanding of the development process and, importantly, allows for better estimates of the effects of development policies targeting indirect inputs. While I have already shown how this new model is able to theoretically reflect microeconomic effects of indirect inputs in a broader and potentially more appropriate manner than a baseline model using TFP, it remains to be demonstrated that these additions provide a more appropriate empirical description of the growth process than a model which includes the same indirect inputs as independent determinants of TFP as opposed to determinants of FSP.
Because the model specification in equation (2) could encompass my FSP model of output, a more traditional TFP model, or a combination of the two, a natural test would be to nest the two and see where the data indicates statistical significance. However, the multicollinear nature of the data makes it impossible to interpret findings when the indirect inputs are included in several different forms. Instead, I turn to the non-nested models test of Davidson and MacKinnon (1981) .
They propose a test of two models each seeking to explain the same outcome whereby the dependent variable is regressed on all variables which are included in model A but not model B.
The The results of the Davidson and MacKinnon test can be seen in Table 4 , and indicate that my model of FSP is strictly preferred to a model where the inputs are solely modeled as a part of TFP. In practice, while it might be extreme to claim that these three indirect inputs have no effect on TFP, the test does indicate that the primary effects of these indirect inputs are better reflected (10) in factor-specific productivity, and thus if they can only be included in one portion of the production function, FSP terms are the appropriate forms.
Recall 
Model fit for OECD and NON OECD countries
Different production functions will provide a much better fit for the outcomes in some countries than the outcomes in others. Often, the groups of countries for which fit is particularly good or poor may have observable characteristics in common such as level of development or geographic region. In fact, it is still under much debate whether a single function can describe the production of different nations, specifically developed and developing nations simultaneously. Sturgill (2010) investigates this question specifically, and finds that the productivity of direct inputs changes over the course of the development process. In particular, he finds that, after separating the factors of production (direct inputs) into reproducible factors (physical capital and human capital) and non-reproducible factors ("natural capital" and labour), that non-reproducible factor shares (and productivity) decrease with development while reproducible factor shares increase with development. I examine these results within the context of my model by reestimating equation (8) on subsamples of OECD and NON-OECD countries separately. Results are found in Table 5 .
By separating the subsamples, differences become apparent when examining both the coefficients of the direct inputs and of the indirect inputs as well. Consistent with the findings of
Sturgill (2010) Table 6 contains FSP regression results using the growth specification in equation (9).
Were the production function perfectly specified, these results would be exactly the same as the corresponding estimates from the level regression. However, with weaker first stage results and a production function of only three indirect inputs, coefficients will likely not be identical. Still, results should be largely similar. In fact, with the exception of the coefficient on capital growth being small and insignificant, the results in Table 6 are relatively close to those in Table 2 .
Combined growth in capital and infrastructure leads to economic growth as well. Labour growth has positive and significant productivity and labour productivity increases with better worker health. Human capital investments have negative and significant returns by themselves but this is offset in part by investments combined with appropriate nutrition.
Again, it is important to determine whether a model of factor specific productivity is any improvement over a model using the same variables as part of a more traditional TFP term. Table   7 contains the results from repeating a Davidson and MacKinnon test, this time with my model in growth rates.
In this case, the test indicates that both the FSP model and the TFP model have unique explanatory power. Therefore, the evidence on growth rates would indicate that a general model as in equation (2) which allows for both types of effects would be ideal in circumstances where it can be practically applied.
Factor accumulation results
So far, I have allowed for two of the three potential effects of indirect inputs on production:
TFP effects and FSP effects. I now turn to the third potential effect, that indirect inputs may incentivise the future accumulation of direct inputs. To investigate this potential, I introduce new equations relating the levels and growth rates of the direct inputs to the prior levels and growth rates of the three indirect inputs, INF, HEALTH, and RDA. Equations (11), (12), and (13) provide evidence relating the levels of direct inputs and the prior levels of indirect inputs. Equations (14), (15), and (16) are the corresponding growth equations relating direct input growth rates to the past growth of indirect inputs. 
Results from these six regressions are found in Table 8 . The regressions in levels are suggestive of a relationship between indirect inputs and factor stocks. Higher levels of infrastructure show no significant relationship with any of the factor supply measures. Improved health is correlated with higher stocks of both physical and human capital, consistent with the idea that longer-lived individuals will invest more in both types of capital. Higher levels of past nutrition are correlated with increased stocks of physical capital.
The factor models in growth rates are expected to be preferable to the models in levels A one percent increase in life expectancy is associated with greater than one percent growth of all three direct inputs in the future. This suggests that models which fail to account for the factor accumulation effects of increases in indirect inputs like health might significantly underestimate the net macroeconomic benefits of these inputs.
Factor-Specific Productivity, Returns to Scale, and Convergence in Output
Many models of aggregate output imply that returns to scale are constant across all countries. In the case of the Solow models, the implication is that all countries have constant returns to scale. Other models have been developed specifically to have increasing returns to scale for all countries. One result of having the same returns to scale across nations is that these models imply convergence of output across countries, at least conditional upon the convergence of the direct inputs. Feyrer (2007) and Using the significant coefficients from the FSP model in Table 5 , I calculate a returns to scale parameter as the sum of the net exponents from the original production function for the OECD and non-OECD subsets. For non-OECD countries, this estimated parameter ranges from 0.922 to 1.028, indicating that non-OECD countries may experience constant or slightly diminishing returns to scale. For OECD countries, the parameter ranges from 1.087 to 1.114, indicating that more developed countries all experience increasing returns to scale. This would be a possible explanation for the divergence of income noted by Feyrer (2007) . If OECD countries have slightly increasing returns to scale while non-OECD countries have decreasing or constant returns to scale because of indirect inputs to production, even though non-OECD countries are closing the gap in terms of stocks of productive inputs, OECD countries could be pulling away in terms of income levels as a result of stronger returns to scale.
Conclusions
The development literature has debated whether cross-country output differences are driven by the accumulation of direct inputs or by productivity effects of indirect inputs almost continuously over the past twenty years. I propose a framework where indirect inputs have three effects. They can alter the Total Factor Productivity of all the direct inputs simultaneously, they can change the Factor-Specific Productivity of one or more direct inputs in different magnitudes, or they can incentivise the accumulation of direct inputs. The introduction of FSP allows for a more nuanced inclusion of indirect inputs which reflect the microeconomic channels through which they work. Finally, this analysis highlights how a model with FSP terms can be used to explain the observation that, while the per capita stocks of direct inputs have been converging across countries, output has diverged. This prediction arises from eliminating the common restriction that returns to scale should be the same across countries. Instead, an FSP model suggests that returns to scale should differ systematically across countries and time because of differences in indirect inputs of production, and that convergence will not occur if returns to scale differ enough.
Future research should expand upon the indirect inputs included in the production function within the framework introduced here. Initial investigations in this direction could be guided by both the microeconomic literature about the indirect inputs and by the existing aggregate literature on which indirect inputs are most robustly related to output. The primary models to be estimated are represented by equations (9) and (10) According to the theories which establish these instruments as valid (as discussed in the main text), a relationship exists between the population age breakdowns and the total stocks of capital, labour, and human capital, not with the natural logs of these stocks. Therefore, I instrument first, and then take the natural logs of the predicted values from the first stage.
Because different countries have such vastly different stocks of direct inputs, and because I have data on so many potential instruments, one consequence of the instrumentation process is that predicted values in the first stage can actually wind up being negative for some country-years. To eliminate this issue, the direct inputs in the first stage are scaled down to be a fraction of their respective values in 1970, then regressed on the vector of instruments, and lastly scaled back up. Hausmann p-value < 0.0001 Table 2 shows the results of a 2SLS IV estimation of the FSP model in equation (8) . First stage summaries are found in Table 3 . A Hausmann test was performed to determine whether instrumentation was necessary.
This test, which is built upon the assumption that the instruments used were valid, was rejected with a p-value < 0.0001, indicating that instrumentation was, in fact, necessary. Table 3 shows the fit of the first stage results for estimating equations (8) and (9). < 0.0001 < 0.0001 Table 5 shows the results of a 2SLS IV estimation of equation (8) over two samples, OECD countries and NON OECD countries. A pair of Hausmann tests were performed to determine whether instrumentation was necessary.
These tests, which are built upon the assumption that the instruments used were valid, were each rejected with a p-value < 0.0001, indicating that instrumentation was, in fact, necessary.
